2 PA3-014), BAP31 (Thermo, clone CC-4), actin (Sigma-Aldrich, clone AC-40), Flag (Sigma-Aldrich, clone M2), HA (Roche, clone 3F10) and Myc (Calbiochem, clone 9E10) were purchased. The antibodies against Derlin-1 and Herp have been previously described (Nishitoh et al., 2008 , Fujisawa et al., 2012 . The antibody against Bag6 was gifted from H. Kawahara (TMU).
Gene Editing
Human Derlin-1, human Derlin-2 and human Derlin-3 genes were edited in HEK293 cells by CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) /Cas9 (CRISPR-associated 9) system. The plasmids, pX330 (Cas9 wild type) and pX335 (Cas9 D10A nickase), were purchased from addgene. Target sequences for single-guide RNAs (sgRNAs) in the hDerlin-1, hDerlin-2 or hDerlin-3 gene were described in Figure 
RT-PCR
Total RNA was isolated from HEK293 cells using an ISOGEN kit (Nippongene) and reverse-transcribed with SuperScript II (Invitrogen) according to the manufacturer's instructions. The primers used for PCR were as follows. hDerlin-3; 5′-TCATGTTTCTCTTCGGGGGC-3′ (forward) and 5′-GCCGAAGAAGTTGACCCTCA-3′ (reverse).
Immunoprecipitation
Cells were lysed on ice in lysis buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 5mM EGTA and 1%
Triton X-100) containing 1 mM phenylmethylsulfonyl fluoride (PMSF). For secreted TTR, samples were prepared by centrifuging the culture medium. The cell lysates or media samples were immunoprecipitated with anti-Flag M2 antibody affinity gel (Sigma-Aldrich) or antibodies against TTR, SRP54, Myc or a control antibody using Protein G Sepharose. The beads were washed with high-salt buffer (20 mM Tris-HCl pH 7.5, 500 mM NaCl, 5 mM EGTA and 1% Triton X-100) or low-salt buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl and 5 mM EGTA), resolved by SDS-PAGE and immunoblotted with antibodies. The proteins were detected with the ECL system. Aliquots of whole cell lysates were immunoblotted with antibodies.
Immunoblotting
Cell lysates were resolved on SDS-PAGE and blotted onto PVDF membranes. After blocking with 5%
skim milk in TBS-T (50 mM Tris-HCl pH 8.0, 150 mM NaCl and 0.05% Tween-20), the membranes 5 were probed with antibodies. The proteins were detected with the ECL system.
Pulse-Chase Labeling Assay
Cells were labeled with [ 35 S]-methionine/cysteine in medium lacking methionine and cysteine, and chased in medium containing excess methionine and cysteine. Cells were lysed in lysis buffer and immunoprecipitated with anti-Flag M2 antibody affinity gel. Immunoprecipitated samples were resolved by SDS-PAGE and analyzed by autoradiography.
Sucrose Gradient Centrifugation
HEK293 cells were solubilized in 1% digitonin and the soluble material was subjected to density gradient centrifugation in 15-40% sucrose gradient. Centrifugation was performed at 31 krpm in a SW60 rotor (Beckman) for 16 h at 4℃. Each fraction (200 µl) was collected from the top and analyzed by SDS-PAGE and immunoblotting with antibodies.
SUPPLEMENTAL REFERENCES
Fujisawa, T., Homma, K., Yamaguchi, N., Kadowaki, H., Tsuburaya, N., Naguro, I., Matsuzawa, A., , et al. (2012) . A novel monoclonal antibody reveals a conformational alteration shared by amyotrophic lateral sclerosis-linked SOD1 mutants. Ann Neurol 72, 739-749.
Nishitoh, H., Kadowaki, H., Nagai, A., Maruyama, T., Yokota, T., Fukutomi, H., Noguchi, T., Figure S2J ) were slightly expressed as signal peptide-uncleaved forms under no stress condition, most were expressed as cleaved mature forms. These observations suggest that the ER translocation is not largely affected by the N-terminal tag. 
Figure S1
frame sift mutation SUPPLEMENTAL DATA B A Figure S2 C (I) Frame; Representative sequences of the human Derlin-1, Derlin-2 and Derlin-3 locus targeted by CRISPR/Cas9 system. Protospacer-adjacent motifs (PAMs), single-guide RNA (sgRNA) target sites and the predicted cleavage sites are indicated by red letters, black bar and red arrowhead, respectively. ATG encoding for the first methionine is underlined in blue. hDerlin1 gene was edited by Cas9 D10A nickase and hDerlin2 and hDerlin3 genes were edited by Cas9. Bottom; The sequences of each allele of hDerlin1, hDerlin2 or hDerlin-3 gene in Derlin1, Derlin2 and Derlin3-deficient HEK293 cells. Some indels were observed in each allele. Insertion is shown in magenta letters. It is likely that chromosome 17 is trisomy in HEK293 cells used in this study.
(J) Flag-NHK QQQ -HA ( Figure S1 ) was transfected into wild-type HEK293 cells (WT) or Derlin-1, -2 and -3 triple knockout cells (TKO) and treated with/without 50 nM Tg and 200 nM MG132 for 16 h. Cell lysates were analyzed by IB with the indicated antibodies. Arrowhead, signal peptide-uncleaved NHK QQQ ; asterisk, signal peptide-cleaved NHK QQQ .
(K) HEK293 cells were transfected with siRNA against control (ctrl) or Derlin-1, -2 and -3, and NHK QQQ -Flag and treated with/without 100 nM Tg and 100 nM MG132 for 16 h. Cell lysates were analyzed by IP-IB with the indicated antibodies. Aliquots of lysates were analyzed with the indicated antibodies (Input). Arrowhead, signal peptideuncleaved NHK QQQ ; asterisk, signal peptide-cleaved NHK QQQ . The sequences of siRNAs were as follows: Derlin-1-M S S 2 2 8 6 9 2 S t e a l t h s i R N A , A U A U A G U U G A A U C C A A G G A U A A C C C a n d G G G U U A U C C U U G G A U U C A A C U A U A U ; D e r l i n -2 -H S S 1 2 1 4 8 6 S t e a l t h s i R N A , AUAGACGAGCAUUAUUGUAAAGGCC and GGCCUUUACAAUAAUGCUCGUCUAU; Derlin-3-HSS150566 Stealth siRNA, UUGAAGAAGAAGCUGAAUCCCAGGG and CCCUGGGAUUCAGCUUCUUCUUCAA; and control siRNA, Stealth RNAi Negative Control Medium GC Duplex (Invitrogen). Knockdown efficiency of Derlin-3 using siRNA was assessed by reverse transcription (RT)-PCR. HEK293 cells were transfected with siRNA or control siRNA using Lipofectamine RNAiMAX reagent (Invitrogen). (B) HEK293 cells were treated with/without 100 nM Tg and 100 nM MG132 for 16 h. Cells were solubilized in 1% digitonin and the soluble material was subjected to density gradient centrifugation in a 15% -40% sucrose gradient. Each fraction was analyzed by IB with anti-Sec61α, anti-SRP54 or anti-Derlin-1 antibody.
(C, D) HEK293 cells were transfected with siRNA against control (ctrl) or BAP31 and Flag-NHK QQQ -HA or Flag-TTR-HA ( Figure S1 ) and treated with/without 50 nM Tg and 200 nM MG132 for 16 h. Cell lysates were analyzed by IB with the indicated antibodies. The sequences of siRNAs were as follows: BAP31-HSS173416 Stealth siRNA, CCAGCUCAAGAAGGGAGCUGCUGUU and AACAGCAGCUCCCUUCUUGAGCUGG and control siRNA, Negative Control Medium GC Duplex.
